The study aimed to examine the impact of a team sport match on the cognitive coding-decoding system and the psychomotor reaction time on university students. Twenty-one healthy university learners (average age = 21.5 ± .3 years) were administered the WAIS-IV scales and Leed Test psychomotors before and after a single bout of exercise. The exercise treatments consisted of a 5-min warm-up, a 5-min cooldown, and handball game for 20 min. The means were compared by ANOVA at the .05 significance level. The results revealed that exercise treatment resulted in significantly enhanced performance across Speed of information processing (p<.000), visual perception (p<.005) and choice reaction time (p <.040). Furthermore, under the effect of gender, the performances of males in total reaction time were significantly (p<.05) higher than females at rest and after exercise. But no significant difference was noted in the speed of treatment information and visual perception time. It is suggested that physical activity can be used as a means of stimulating cognitive skills and student development in university training programs in order to optimize certain cognitive functions and improve learning.
Introduction
Current research increasingly demonstrates the different effects of physical activity on mental functions and neuropsychological skills following a single bout of exercise. [1] [2] [3] . These induce both transient and permanent changes in cognitive performance [4] . Several studies have also shown positive effects perceptual skills
[5] on types of memory [5, 6] , simple and choice reaction time [7] ability to solve mathematical problems [8] and concentration [9] [10] [11] .
A large number of studies have focused on the relationship between exercise duration and cognitive function. Specifically, the results of an experimental study [12] which prescribes exercise to enhance cognition in healthy younger adults. This study indicates that acute aerobic exercise for 20 min at a moderate intensity produced significantly better cognitive performance, as assessed by shorter response time and higher accuracy and this improvement was not observed when exercising for more or less duration.
Neurophysiological parameters are also evaluated in several experimental studies. Indeed, aerobic training increases the level of neurotrophic factors derived from the brain [13] synaptic development and cerebral plasticity [14] and the development of new neurons [15] .It has also demonstrated that regular physical activity slows the cognitive decline associated with aging [15] [16] [17] [18] as well as the decline in sensorimotor functions [19] .
Gender differences have been shown to vary across cognitive domains [20] , with some evidence of gender differences in brain activity during cognitive tasks [21] .However, the effect of gender is not well understood for central executive processes [22] , inhibitory control [23] or treatment speed [24] . Although some studies have reported a slight male advantage in speed for reaction time simple and/or choice [24, 25] .Others have not found this effect [26] .
Objectives
The aim of this study is to examine the impact of a team sport match on the cognitive coding-decoding system and 38 Effect of Physical Exercise and Gender on Information Processing and Choice Reaction Time of University Students the psychomotor reaction time. In addition, the study was designed to consider the effect of gender on cognitive tasks namely visual perception, information processing and motor response. We hypothesized that team sport match enhance performance on cognitive coding-decoding tasks and the psychomotor reaction time.
Methods

Research Type
This research was conducted to assess the effect of physical activity and gender on the cognitive performance of the coding-decoding system and the psychomotor reaction of university students in order to optimize their learning. This study was conducted following the pre-post test model of quantitative research methods. Thus, the measurements were established before and after the experiment in order to be able to compare and interpret the results obtained
Research Design
Cognitive and psychomotor tests are performed collectively in the laboratory premises at full rest and after 20 minutes of recovery from the physical activity session.
The tests are administered in the morning from 10 am to 12 am.
Subjects
The sample consists of 21 Participants aged 21.5±.3 years (10 male, 11 females). Volunteers students, all follow a three years training in Physical education and Sports at Hassan II University, Casablanca. They are all in physical health, non-smokers and regularly practice their sports during and outside training.
Mesures
Digit Symbol Substitution Test
The Digit Symbol Substitution Test (DSST) is a subscale of Wechsler Adult Intelligence Scale [27] . It measures the information processing speed [28], short term memory, visual discrimination, visual perception, visual-motor coordination, visual scanning and attention, cognitive flexibility (reflecting the central integration capability of the central nervous system.
The subjects receive a sheet of paper with numerical references corresponding to different symbols each time. The subject must write, in boxes, the symbol corresponding to each digit from 1 -9 presented randomly, as quickly as possible. The subject is also asked to write below each of the digits the corresponding symbol under good working conditions. The score will be recorded as the number of correct symbols drawn in 10 min and the number of errors made. The DSST test is very sensitive to psychostimulant factors.
Psychomotor Reaction Time Tests
In order to examine the reaction speed of choice, we used the Leeds Psychomotor Tester which is an is an instrument that measures several psychomotor parameters such as the critical flicker fusion threshold and choice reaction time (CRT) [29, 30] .In our study we used this test in order to assesses the integrity of the sensorimotor system and is an accurate measure of psychomotor performance [30] .
Participants were seated on a chair in front of a table on which the instrument of Leeds psychomotor tester was positioned. An example was presented to the participants, prior to the test trials for the pattern recall test. The task for the participants was to respond to a bright red color light that appears one of 6 led lights randomly by pressing the button where the red light shown. The buttons were equidistant from the resting position of the finger. Thus for each participant we measured recognition reaction time (RRT) that occurs from the stimulus onset to the beginning of motor action, as well as the time of motor reaction time (MRT) that represents the time from onset of motor action to the end of performance. The total choice reaction time (TRT) corresponds to the sum of these two times (TRT= RRT + MRT). The reaction time recorded was the mean of five stimulus responses.
Physical Exercise
The participant had to perform a ten minutes standardized warm-up first. This contained five minutes of moderate jogging, followed by three minutes of handball specific movements. The warm-up was concluded with two minutes of stretching. Afterward, the students were divided randomly by sex into two teams, to play a 20-minute of a single match session in Handball which is a physical exercise that involves both the aerobic and anaerobic component of lactic energy. This exercise session was practiced in the morning at 09:30 am in a cool and not very humid climate.
Statistical Analysis
The results are presented as mean and standard deviation. The comparison of means is performed by ANOVA II evaluating the exercise effect, the gender effect, and the interaction effect exercise x gender. The significance probability with critical level set at .05. Data were expressed as mean ± standard deviation.
Results
Data from psychomotor and cognitive test results are presented in Table 1 . 
Speed of Information Processing
The cognitive code-decoding test scores show a highly significant increase (p<.000) of 13.90% under the effect of exercise. The scores recorded by males exceed those of females, at rest (+8.05%) and after physical exercise (+7.90%). However, these variations remain insignificant. The means of the errors made in the code-decoding test is also not significant under the effect of the exercise.
Time of Visual Perception
The results analyzed by ANOVA II on changes in Visual perception time show an overall significant decrease (p<.005) of 14.86% after exercise. While, the gender effect and its interaction (exercise effect x gender effect) with exercise remains insignificant.
Motor Response Time
The results show that following physical exercise the motor response time increases slightly by 5.49% in a non-significant way. However, in comparison between males and females the analysis of ANOVA II shows a highly significant effect (p<.000) of gender on the speed of motor reaction. In fact, the motor response time in females is 44.36% longer at rest and 43.19% longer after physical exercise.
Speed of Choice Reaction Time
The scores on the total reaction time decreased significantly (p <.040) by 11.69% under the effect of physical exercise. We also report a highly significant effect (p <.001) of gender on Total reaction time scores. The females' averages are 11.01% and 11.70% higher than the males respectively at rest and after exercise.
Discussion
The objective of this study is to evaluate the impact of handball game on the performance of cognitive and psychomotor information processing in university athletes.
The tests administered to our sample mobilized, on the one hand, the repetitive cognitive coding/decoding system, which is an indicator of information processing speed, and on the other hand the psychomotor reaction speed (choice reaction time) by exploring the three components: perceptive, motor and sensorimotor factor.
The results obtained show a significant increase of 9.5 to 15% in our subjects' cognitive coding-decoding speed and psychomotor reaction speed after a collective activity match 20 min even after 20 min of recovery. This finding demonstrates the positive effect of collective play on the activation of cognitive processes at the visual perception level, and rapid motor decision-making. Previous studies have shown that physical activity acts as a cognitive stimulant [31] [32] [33] , electrophysiological [34], and neurophysiological [35] in different subject profiles.
In our work, we noted a significant improvement in the choice reaction time under the effect of the collective exercise. However, Kashihara and Nakahara [36] also found that vigorous exercise improved response time of choice, but only during the first 8 minutes after exercise. Other work by Collardeau et al [37] found that exercise improved runner reaction time during exercise, and not after.
However, compared to our results, McMorris et al. [38] found no effect of exercise on reaction time in a football skill test, and [39]Lemmink and Visscher noted that reaction time and error rate of football players were not affected.
Moreover, certain works [40] (Tomporowskim have shown effects differentiated according to the cognitive demand linked to the task, which means that each physical exercise requires a cerebral part and precise mental faculties according to the intensity, nature and variety of physical exercise.
The results obtained during this study show significantly that men have faster reaction time than women. Bellis [41] reported that the average time to press a key in response to a light was 220 msec for men and 260 msec for women. This finding is also observed in several studies [25] , [42, 43] which also found that the practice does not reduce these female disadvantages.
This difference between men and women is due, according to [44] Botwinick and Thompson, to the time lag between the presentation of the stimulus and the onset of muscle contraction, not at the time of the muscular contraction was. However, in our findings we found no significant change at the Visuel perception time level. It was at the motor response time level that we raised a highly significant effect of sex with a male advantage. This can be explained by the words of Adam et al. [45] who reported that men use a more complex strategy than women or by speed-precision composition. Barral and Debu [46] found that while men were faster at targeting than women, women were more specific.
Conclusions
The present study showed that physical exercise has a favorable impact on certain cognitive functions especially the performance of decoding-coding through the cognitive processing speed of information. There was also a decrease in the time of the psychomotor reaction to the choices after 20 minutes of recovery from the collective exercise session. Our findings also reported an effect of gender with a significant male advantage on the motor reaction speed and choice reaction time. Whereas, the interaction gender exercise has no effect either on the performance of the cognitive coding-decoding or on the reaction time to the choice. These results underline the beneficial contribution of physical exercise in improving the cognitive functioning of coding-decoding and the time of the reaction to choices, which is exploited at the level of the learning process of individuals. Thus, according to this study, the acute aerobic exercise acts like an arousing that facilitates the increase of performance of sensory and motor prosses of information processing. In addition, this evidence leads to the exploitation of physical activity as a means of stimulating cognitive skills and students' fulfillment in school and university training programs.
Other similar studies should therefore be conducted with a larger number of participants with different levels of training, using a battery of tasks to test the differences in cognitive skills between gender and level of sport expertise in order to elucidate precisely the mechanisms which underlie the effects of acute exercise on cognitive profil
